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Method for Making a Rubber Base Composition 
Containing Silicic Acid 
Field of the Invention 

The invention relates to a method for making a rubber base 
composition containing silicic acid. This method is carried out 
in two stages in separate mixers and the composition ingredients 
silicic acid, silane and other usual additives except 
vulcanization ingredients are mixed and the silicic acid reacts 
with the silane. 
Background of the Invention 

Rubber compositions containing silicic acid are used today 
for making the most varied rubber products, especially, for 
making tires for motor vehicles. In motor vehicle tires, the 
silicic acid replaces for the most part the earlier conventional 
carbon black constituents. This is so because it has been shown 
that motor vehicle tires acquire improved tire characteristics 
with respect to wet resistance and rolling resistance because of 
the addition of silicic acid. For producing the rubber 
composition, a silicic-acid containing rubber base composition is 
produced first in a base mixing process in one or several mixing 
stages. This rubber base composition does not yet contain 
vulcanization ingredients (vulcanization chemicals such as 
sulfur, sulfur donors, accelerators or resins) . In a final 
mixing process, the vulcanization ingredients (vulcanization 
chemicals) are added to the rubber base composition and the 
finished rubber composition (final composition) results. 

In the production of the rubber base composition, coupling 
agents in the form of silanes are added to the rubber base 
composition in addition to the silicic acid in order to make 


Im- 


possible a binding of the silicic acid to the rubber. The 
silanes are, inter alia, bifunctional organic silanes such as 
3-mercaptopropyl triethoxy silane, 3-thiocyanato-propyl 
trimethoxy silane or 3, 3 1 -bis (triethoxy silylpropyl ) polysulf ide 
5 with 2 to 8 sulfur atoms. In a first step, and during the base 

mixing, the added silane reacts with the siianoi groups of the 
silicic acid and, in a second later step, during the 
vulcanization of the rubber composition, the silane reacts with 
the rubber, whereby the silicic acid is bonded to the rubber via 
10 the silane. The first reaction step and therefore the 

manufacture of the rubber base composition is very time 
intensive . 

p 5 European patent publication 0,728,803 discloses a method for 

J: making a silicic-acid containing rubber base composition of the 

M 5 15 kind mentioned initially herein. In a first stage of the method, 

a the composition ingredients of rubber, silicic aid and additional 

M= 

ill additives except the vulcanization ingredients are mixed with 

p each other at a temperature in the range of 165°C to 170°C in a 

fi 

first mixer. After mixing the composition ingredients, the 
20 composition is removed from the first mixer, cooled and 

transferred to a second mixer. In the second mixer, silane is 
added to the composition and the composition is mixed to 
completion at a temperature of 135°C and the silane reacts with 
the silicic acid. Because of the high temperature of the 
25 composition in the first mixer, it is ensured that the 

composition ingredients disperse rapidly and well; whereas, a 
thermal decomposition of the silane is avoided by maintaining the 
temperature of 135 °C in the second mixer. Furthermore, by using 
two mixers, the advantage is provided that, at the same time, a 
30 rubber base composition without silane is mixed in the first 


mixer and, in the second mixer, a rubber base composition with 
silane can be mixed to the end. In this way, the expenditure of 
time for producing a rubber base composition containing silicic 
acid is shortened. 

It is, however, noted that in the method set forth in 
European patent publication 0,728,803, the silicic-acid 
containing rubber base composition must be cooled down in an 
intermediate step which leads to an additional expenditure of 
time and storage. 
Summary of the Invention 

It is an object of the invention to provide a simple method 
for producing a silicic-acid containing rubber base composition 
which can be executed with a reduced expenditure of time. 

The method of the invention is for making a silicic acid 
containing rubber base composition. The method includes the 
steps of: providing composition ingredients of rubber, silicic 
acid, silane and additional additives except for vulcanization 
ingredients; providing first and second mixers separate from each 
other wherein the ingredients except for the vulcanization 
ingredients can be mixed; introducing all of the composition 
ingredients into the first mixer except for the vulcanization 
ingredients simultaneously or at time intervals; mixing the 
composition ingredients introduced into the first mixer to a 
composition in the first mixer; transferring the composition 
formed in the first mixer directly into the second mixer without 
an intermediate storage thereof; and, mixing the transferred 
composition formed in the first mixer at least almost to 
completion in the second mixer with the temperature lying in the 
temperature range of 130° C to 180° C at least over the greatest 
part of the dwell time of the composition in the second mixer 


wherein the silicic acid reacts acceleratedly with the silane. 

In the first and second mixer, a rubber base composition is 
therefore produced and, in the second mixer, the silane reacts 
almost completely with the silanol groups of the silicic acid 
(that is, the rubber base composition is then at least mixed 
almost to the end) . At further processing stations, the rubber 
base composition is processed further and, in the last processing 
station, the vulcanization ingredients (vulcanization chemicals) 
are added to the rubber base composition and the rubber base 
composition is there mixed to completion in a final mixing 
process . 

In the first mixer, the usual composition ingredients are 
dispersed in the rubber (or in the rubbers) . Here, the 
temperature of the composition is increased up to a maximum of 
180°C in order to substantially prevent a scorching of the 
composition. It is possible that the composition temperature 
lies below 130 °C in advance of transferring the composition from 
the first mixer into the second mixer. In this case, the 
composition temperature is increased to a temperature in the 
temperature range of between 130°C and 180 °C in the second mixer 
before the composition is mixed to the end in the second mixer. 
To adjust the temperatures in the mixers, the fill level of the 
mixture, the rpm of the rotors of the mixers, the mixer 
temperature control and the plunger pressure of the mixers 
(insofar that the corresponding mixer includes a plunger) are 
matched to each other. 

An advantage of the invention is especially that the method 
can be executed with a reduced expenditure as to both time and 
space because an intermediate storage and cooling of the rubber 
base composition after separating the same from the first mixer 


is unnecessary. A further advantage of the invention is that all 
composition ingredients of the rubber base composition are 
introduced into the first mixer and therefore also only 
stationary metering devices are needed in the region of the first 
mixer. Furthermore, it is ensured that the individual 
composition ingredients in the rubber base composition are 
present in the correct amounts. (At this point, it is noted that 
in the method known from European patent publication 0,728,803, 
the above is not ensured. Accordingly, it can happen that, when 
separating the rubber base composition from the first mixer, 
composition ingredients remain in the first mixer so that the 
rubber base mixture in the second mixer is supplied with too much 
silane; on the other hand, it can be that residual amounts from 
previous mixture operations are separated from the first mixer 
with the rubber base composition so that the rubber base 
composition is supplied with too little silane in the second 
mixer . ) 

Compared to a method for producing a rubber base composition 
wherein only a single mixer is used, the invention affords the 
advantage that the first and the second mixers can be operated 
simultaneously so that the clock time is shortened in which a 
rubber base composition is mixed to the end. A shortening of the 
clock time can also be achieved in that one sets up two 
individual mixers wherein a rubber base composition is formed in 
each of the mixers independently of each other. However, this 
would require much space and furthermore a metering device would 
be needed for each mixer or a movable metering device would be 
needed which can serve both mixers, which is complex and 
expensive . 

According to another feature of the invention, the 


composition is heated in the first mixer to a temperature which 
lies in the temperature range of 110°C to 140 °C. The advantage 
of this embodiment is that, in the first mixer, already a high 
temperature is achieved and therefore a good dispersion of the 
composition ingredients is ensured. Furthermore, in this case, 
only a slight increase in temperature or no temperature increase 
need take place in the second mixer. 

According to another feature of the invention, the 
composition is heated to a temperature in the first mixer which 
lies in a temperature range of 130°C to 180°C. The advantage of 
this embodiment is that an accelerated reaction of the silicic 
acid with the silane takes place already in the first mixer. 
Furthermore, in this case, no further temperature increase of the 
composition is needed in the second mixer. A further advantage 
of this embodiment is that dwell times for the composition in the 
individual mixers can be matched optimally to each other. 

According to another embodiment of the invention, the dwell 
time of the composition in the first mixer corresponds at least 
approximately to the dwell time of the composition in the second 
mixer. The advantage of this embodiment is that the two mixers 
can always be used simultaneously and can therefore be matched to 
each other so that a transfer of the composition from the first 
mixer into the second mixer and a discharge of a rubber base 
composition, which is mixed in the second mixer almost to the 
end, can take place simultaneously or only shortly one behind the 
other. In this way, an optimal usage of the capacity of the two 
mixers and the production of a rubber base composition in an 
optimal clock time is possible. This clock time corresponds to 
the dwell time of the composition in a mixer. 

Another embodiment of the method of the invention includes 


the steps of: a first time duration is needed in order to 
uniformly distribute the composition ingredients; a second time 
duration longer than the first time duration is needed in order 
to bring about at least almost a complete reaction of the silicic 
acid with the silane; the dwell time in the first mixer and the 
dwell time in the second mixer corresponds to half of the total 
time composed of the first and second time durations; and, the 
temperature of the composition in the first mixer is held in a 
temperature range of 130° C to 180° C over at least a time span 
which amounts to the difference between the second time duration 
and the dwell time of the composition in the second mixer. 

The advantage of this embodiment is that the dwell time of 
the composition in the mixers also matches when the reaction of 
the silicic acid with the silane takes a longer time duration 
than the dispersion of the composition ingredients to a 
composition (which is especially often the case for the rubber 
base compositions for producing motor vehicle tires) . 

According to another feature of the invention, the first 
mixer is a ram type mixer. The advantage of this embodiment is 
that a high pressure can be built up in the first mixer with the 
aid of the ram so that excellent dispersion of the composition 
ingredients is ensured even at the relatively low temperatures in 
the first mixer. 

According to another embodiment of the invention, the rotors 
of the first mixer mutually engage. The advantage of this 
embodiment is that an improved and more rapid dispersion of the 
composition ingredients is possible than for a mixer without 
interengaging rotors because the ratio of the surface of the 
rotors to the fill volume of the mixer is improved. The more 
rapid thorough mixing of the composition ingredients in the first 


mixer leads to shortened mixture times for the rubber base 
composition. 

According to still another embodiment of the invention, the 
second mixer is a ramless mixer. The advantage of this 
embodiment is that ramless mixers are open and, for this reason, 
a simple transfer is possible of the rubber base composition from 
the first mixer into the second mixer. A further advantage of 
this embodiment is that a simple and reliable removal of the 
reaction products of the silicic acid/silane reaction is possible 
from the open ramless mixer, so that a high quality rubber base 
c omp o s i t i on is p roduc e d . 

The rotors of the second mixer can be tangent to each other. 
In still another embodiment of the invention, the rotors of the 
second mixer, however, mutually engage. The advantage of this 
embodiment is that an interengaging mixer has an excellent ratio 
of the surfaces of the rotors to the fill volume of the mixer and 
thereby it is ensured that, within a relatively short time, the 
total composition runs through between the rotors of the second 
mixer and, as a consequence, a thorough mixing of the silicic 
acid with the silane results. 

According to another embodiment of the invention, the second 
mixer has a greater fill volume than the first mixer. 
Preferably, the fill volume of the second mixer is greater than 
the fill volume of the first mixer by 20 to 60%. Use is made of 
this embodiment when the first mixer is a ram mixer and the 
second mixer is a ramless mixer. The advantage of this 
embodiment becomes understandable when the following is 
considered. In a ram mixer, the composition is pressed 
continuously by the ram between the rotors of the mixer so that 
an excellent through mixing of the composition is ensured. In 
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contrast, in a ramless mixer, the problem is present that the 
composition leaves the region between the rotors because of the 
rotation thereof and, because of the non-present ram, cannot 
again come into this region. A thorough mixing of the 
5 composition in then no longer ensured. This problem is that much 

greater the smaller the fill volume is of the mixer. The 
advantage of the embodiment is therefore that, because of the 
greater fill volume of the second mixer, virtually the entire 
composition can be accommodated in the region between the rotors 
10 and is almost always disposed in this region so that an excellent 

through mixing of the rubber base composition in the second mixer 
^ is ensured even without the ram. 

g According to still another feature of the invention, a 

^ suction device is mounted between the mixers with which reaction 

M 

h h 15 products can be drawn off by suction. These reaction products 


arise during the reaction of the silicic acid with the silane in 


jfy the second mixer. The advantage of this embodiment is that a 

rapid and complete removal of the reaction products is ensured 

D 

77 whereby the mixing times in the second mixer are shortened 

H= 

20 and the quality of the rubber base composition is again 

increased. 

According to another embodiment of the invention, the 
transfer of the composition from the first mixer into the second 
mixer takes place by utilizing the force of gravity. In this 

25 case, the first mixer is preferably mounted directly above the 

second mixer. An advantage of this embodiment is that no 
ancillary means (for example, in the form of a conveyor belt, et 
cetera) is needed. A further advantage of this embodiment is 
that the two mixers are arranged relative to each other so that 

30 space is saved. 


Brief Description of the Drawings 

The invention will now be described with reference to the 
drawings wherein: 

FIG. 1 is a schematic, in elevation, of an apparatus with 
5 which the method of the invention for producing a silicic-acid 

containing rubber base composition can be carried out; 

FIG. 2 shows two diagrams showing the temperature T in the 
mixers plotted as a function of time t; and, 

FIG. 3 shows two diagrams of temperature T in the mixers 
10 plodded as a function of time t. 

Description o-f the Preferred Embodiments of the Invention 

FIG. 1 shows a schematic of an arrangement for producing a 

w 

O silicic-acid containing rubber base composition. The arrangement 

Q 

CP includes a first mixer 2 having a mixing chamber 4 in which two 

SI 

h h 15 rotors 6 are disposed. These rotors are preferably interengaging 

s rotors. The mixer 2 furthermore includes a saddle 8, which can 

hi be flipped downwardly, and a ram 12 for closing the inlet opening 

2 

20 position shown in FIG. 1 to the open position in the direction of 


of the mixing chamber 4 . The ram 12 is movable by a work 
cylinder 10. The saddle 8 can be flipped from the closed 


arrow 14 in which the saddle assumes an approximately 
perpendicular position. In this position, the saddle 8 clears 
the outlet opening 30 of the mixing chamber 4. The inlet 
openings, that is, the funnel 60 for the composition ingredients 
25 of the rubber base composition are disposed in the region of the 

ram 12. 

A ramless second mixer 18 is mounted below the first 
mixer 2. The second mixer 18 has a mixing chamber 24 having a 
fill volume greater than by preferably 20 to 60% than the mixing 
30 chamber 4 of the first mixer 2. The second mixer 18 includes an 
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inlet opening 20 and rotors 22 which are preferably interengaging 
rotors and are disposed in the mixing chamber 24. The outlet 
opening 26 of the second mixer 18 is closed by a movable 
saddle 28 which, in a manner known per se, can be flipped into an 
open position about a horizontal axis from the closed position 
shown in FIG. 1 into an open position. In the open position, the 
saddle clears the outlet opening 26 of the mixture chamber 24. 

The second mixer 18 is mounted below the first mixer 2 so 
that the outlet opening 30 of the first mixer 2 is disposed above 
the inlet opening 20 of the second mixer 18. This arrangement 
makes it possible that a composition can be transferred from the 
mixing chamber 4 of the first mixer 2 into the mixing chamber 24 
of the second mixer 18 exclusively by utilizing the force of 
gravity. Preferably, the outlet opening 30 of the first mixer 2 
is connected via a channel 32 to the inlet opening 20 of the 
second mixer 18 to which a suction unit 34 is connected 
(indicated schematically by the arrow 34) . 

In the arrangement shown, a rubber base composition is 
produced as described below. 

First, all composition ingredients are introduced via the 
funnel 16 into the mixture chamber 4 of the first mixer 2 
simultaneously or in time spaced relationship. Accordingly, 
rubber, silicic acid, silane and other usual additives except for 
the vulcanization ingredients are introduced. With the aid of 
the rotor 6, the composition ingredients are thoroughly mixed. 
The composition ingredients are pressed between the rotors 6 by 
the ram 12 whereby a good dispersion of the composition 
ingredients is ensured. During mixing of the composition in the 
first mixer 2, the temperature of the composition is continuously 
increased, which takes place with a corresponding adaptation of 
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the ram pressure of the ram 12, the rpm of the rotors 6 and the 
adjustment of the temperature of the mixer. 

When a good dispersion of the composition ingredients is 
reached, the temperature of the composition in the first mixer 2 
5 is brought to a value which lies in the temperature range in 

which the silicic acid reacts with the silane (that is, to a 
temperature which lies in the temperature range of 130° 
to 180°C) . The raising of the temperature takes place, in turn, 
by an adaptation of the ram pressure of the ram 12, the rpm of 
10 the rotors 6 and the temperature of the mixer. 

When the composition has reached the desired temperature in 
the above-mentioned temperature range, then at this temperature, 
a first part of the reaction of the silicic acid with the silane 
is carried out in the first mixer 2. As soon as the desired 
^ 15 temperature is reached or as soon as a first part of the reaction 

a is carried out, the saddle 8 of the first mixer 2 is transferred 

fy from the closed position shown in FIG. 1 into the open position 

Q so that the saddle clears the outlet opening 30 of the first 

3 

mixer 2. The composition is then exclusively transferred from 
20 the mixing chamber 4 through the channel 32 and through the inlet 

opening 20 into the mixing chamber 24 of the second mixer 18 
without intermediate storage utilizing exclusively the force of 
gravity so that the composition temperature is maintained. In 
the second mixer 18, the composition is mixed to the end and the 
25 temperature of the composition is preferably held constant in the 

temperature range of 130°C to 180°C, wherein the silicic acid 
reacts with the silane in an accelerated manner. This takes 
place via a corresponding matching of the rpm of the rotors 22 
and the adjustment of the temperature of the mixer. 
30 The composition remains in the mixing chamber 24 of the 
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second mixer 18 until at least an almost complete reaction of the 
silicic acid with the silane is ensured, that is, the rubber base 
composition is mixed almost to the end. The reaction products, 
which arise in the reaction of the silicic acid with the silane, 
are drawn off via the channel 32 with the aid of the suction 
unit 34 during mixing so that no reaction products, which can 
reduce quality, remain in the composition. After the completed 
reaction, namely, when the rubber base composition is mixed to 
the end, the saddle 28 is transferred from the closed position, 
which is shown in FIG. 1, into the open position so that the 
rubber base composition is removed from the mixing chamber 24 of 
the second mixer 18 through the outlet opening 26. In additional 
processing stations (not shown) , the rubber base composition is 
further processed and, in the last processing station, 
vulcanization ingredients are added to the rubber base 
composition and the rubber base composition is there mixed to the 
end in a final mixing process. 

After the composition leaves the mixing chamber 4 of the 
first mixer 2 via the outlet opening 30, the first mixer 2 is 
again ready for the mixing of a rubber base composition so that 
always, at the same time, mixing can take place in the first 
mixer 2 and in the second mixer 18. 

FIG. 2 shows diagrams wherein the temperature T in the 
mixers (2, 18) is plotted as a function of time t. Here, a 
mixing forms the basis in which the dispersion of the composition 
ingredients takes approximately the same time as the complete 
reaction of the silicic acid with the silane. The left part of 
the diagram shows the time-dependent temperature trace for the 
composition in the first mixer 2. This diagram shows that the 
temperature of the composition ingredients is increased 


continuously starting from room temperature in the first mixer 2 
whereby the composition ingredients disperse. After a time 
span t lf the composition in the first mixer reaches a temperature 
of 130°C whereat the silicic acid in the composition begins to 
intensively react with the silane. The temperature of the 
composition is thereafter only raised slightly in the first 
mixer 2 so that the temperature lies in a temperature range 
of 130°C to 180°C. 

When the temperature of the composition in the first mixer 2 
has reached the desired temperature in the above-mentioned 
temperature range, the composition is transferred from the first 
mixer 2 into the second mixer 18 and is there mixed to completion 
at this temperature which is held constant and (see the right 
part of the diagram, which shows the time-dependent trace of the 
composition in the second mixer 18) . The dwell times of the 
composition in the mixers (2, 18) are almost identical because 
the dispersion takes place almost exclusively in the first 
mixer 2 and the reaction of the silicic acid with the silane 
takes place in the second mixer 18. 

FIG. 3 shows a diagram wherein the temperature T in the 
mixers (2, 18) is plotted as a function of time t. Here, a 
composition forms the basis wherein the uniform distribution of 
the composition ingredients takes a first time span t ± and the 
almost complete reaction of the silicic acid with the silane 
takes a second time span t 2 , which is longer than the first time 
span t x . In this case too, it is possible to match the dwell 
times of the composition in the mixers (2, 18) in such a manner 
with respect to each other that they are identical as is 
explained hereinafter (here, the left part of the diagram shows 
the time-dependent temperature trace for the composition in the 


first mixer 2 and the right part of the diagram shows the 
time-dependent temperature trace for the composition in the 
second mixer 18) . In the first mixer 2, the composition 
ingredients are introduced at the same time or at time intervals 
5 and dispersed over the time span t 2 . Here, the temperature of 

the composition ingredients is increased starting from room 
temperature to a temperature of approximately 130 °C. At this 
temperature, the silicic acid starts to react intensively with 
the silane. After the first time span t 1 has elapsed, the 
10 temperature of the composition is increased to a desired 

temperature in the temperature range of 130 °C to 180 °C. In 
q total, the temperature of the composition is held in the first 

S mixer 2 over a time span t 3 = (t 2 - t x /2 in the temperature range 

Y\ of 130°C to 180°C. The dwell duration of the composition in the 

\f; 15 first mixer 2 amounts to a total (t x + t 2 )/2. 

After the elapse of time span t 3 , the composition is 
transferred directly from the first mixer 2 into the second 
Q mixer 18 without intermediate storage. In the second mixer 18, 

b 

the temperature of the composition lies in the temperature range 
20 of 130°C to 180°C over the entire dwell duration (t x + t 2 ) /2 of 

the composition in the second mixer; that is, the dwell duration 

of the composition in the second mixer 18 corresponds to the 

dwell duration of the composition in the first mixer 2. 

Preferably, the temperature of the composition in the second 
25 mixer is held constant at the value which the composition had 

assumed in the transfer from the first mixer into the second 

miser 18. 

From the above, it follows that the temperature of the 
composition is in a temperature range of 130°C to 180°C over a 
30 time span t 3 + (t x + t 2 )/2 = t 2 (as desired). 

15 
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The dwell times of the composition in the mixers (2, 18) are 
identical so that an optimal utilization of the capacity of the 
mixers is assured. 

Example 

A first time span t ± is needed in order to uniformly 
distribute the composition ingredients: 2 minutes; 

a second time span t 2 , which is needed to bring about an 
almost complete reaction of the silicic acid with the silane in 
the composition: 4 minutes; 

total time which is made up of the sum of the first time 
span ti and the second time span t 2 : 6 minutes ; 

dwell time of the composition in the first mixer: 3 minutes 
((t x + t 2 )/2) . 

Here, the time span t 3 , in which the temperature lies in a 
temperature range of 130°C to 180°C: 1 minute ( (t 2 - t x ) /2) . 

Dwell time of the composition in the second mixer where the 
temperature of the composition lies in a temperature range 
of 130°C to 180°C: 3 minutes ( (t ± + t 2 )/2). 

It is understood that the foregoing description is that of 
the preferred embodiments of the invention and that various 
changes and modifications may be made thereto without departing 
from the spirit and scope of the invention as defined in the 
appended claims . 


